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A magnetic sensor device includes a first magnet and a second 
magnet that are disposed on mutually opposing sides of a 
conveyance path, and one of poles of the first magnet faces an 
opposite pole of the second magnet. The first magnet and the 
second magnet generate a cross magnetic field whose 
strength in a spacing direction, which is orthogonal to a 
conveying direction, is within a predetermined range. An 
AMR element is located in a magnetic field in which the 
strength of the cross magnetic field in the spacing direction is 
within a predetermined range, and detects, as change in a 
resistance value, change in the cross magnetic field caused by 
an object to be detected. A multilayer board outputs the 
change in the resistance value detected by the AMR element 
to a processing circuit. 
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1. 

MAGNETIC SENSORDEVICE 

TECHNICAL FIELD 

The present invention relates to a magnetic sensor device 
that detects the magnetic pattern of an object to be detected. 

BACKGROUND ART 

A magnetic sensor device is a sensor device that uses a 
magnetoresistance effect element having a characteristic 
whereby its resistance value changes corresponding to a mag 
netic field strength. The magnetization amount of the mag 
netic pattern of a paper medium Such as paper money is 
subtle. In order to improve sensitivity to detect the magnetic 
pattern of an object to be detected whose magnetization 
amount is Subtle, the magnetic sensor device needs to be 
configured in Such away that the magnetic sensor device uses 
an anisotropic magnetoresistance effect element, which has a 
higher detection sensitivity than a semiconductor magnetore 
sistance effect element, and the anisotropic magnetoresis 
tance effect element is disposed under a magnetic field 
strength in which sensitivity is the highest, and the object to 
be detected passes through a ferromagnetic field. 

However, in a magnetic sensor device using an anisotropic 
magnetoresistance effect element, the anisotropic magne 
toresistance effect element is saturated at a magnetic field 
strength of about 10 mT. Therefore, there is a problem in that 
it is difficult to dispose the anisotropic magnetoresistance 
effect element in a magnetic field strength environment in 
which the anisotropic magnetoresistance effect element is not 
saturated and the detection sensitivity is the highest. 

In addition, in a non-contact magnetic sensor device, the 
object to be detected Such as a paper sheet medium and a 
magnetoresistance effect element are apart from each other 
by a predetermined distance, making Smaller an output of 
change in the resistance value of the magnetoresistance effect 
element which, in turn, causes deterioration of detection sen 
sitivity. 

In order to solve such a problem, Patent Literature 1 dis 
closes a magnetic sensor in which the position of a permanent 
magnet is adjusted so that the bias magnetic field strength in 
the magnetic sensing direction of the ferromagnetic thin-film 
magnetoresistance element applied by a detecting magnetic 
field by the permanent magnet has a magnetic flux amount of 
a saturated magnetic field or lower. 

CITATION LIST 

Patent Literature 

Patent Literature 1: Unexamined Japanese Patent Application 
Kokai Publication No. 2008-145379 

SUMMARY OF INVENTION 

Technical Problem 

However, Patent Literature 1 does not disclose the specific 
arrangement of the permanent magnet so that the bias mag 
netic field strength in the magnetic sensing direction of the 
ferromagnetic thin-film magnetoresistance element has a 
magnetic flux amount of a Saturated magnetic field or lower. 
In addition, in order to improve the detection sensitivity of a 
non-contact magnetic sensor device, the magnetic force of the 
bias magnet must be increased to apply a Suitable bias mag 
netic field on an anisotropic magnetoresistance effect ele 
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2 
ment, and also the magnetic field strength of a conveyance 
path in which the object to be detected is conveyed must be 
increased. However, there is a problem in that if change in the 
magnetic field strength caused by an object to be detected is 
small, for example, like the case in which the object to be 
detected passes through apart from the bias magnet than an 
anisotropic magnetoresistance effect element, the output sig 
nal from the anisotropic magnetoresistance effect element is 
Small. 

This invention was made in order to solve the above prob 
lem, and has an objective to improve sensitivity to detect the 
magnetic pattern of an object to be detected when the object 
to be detected having the magnetic pattern and a magnetore 
sistance effect element are not in contact with each other, that 
is, apart from each other by a predetermined distance. 

Solution to Problem 

The magnetic sensor device according to the present inven 
tion includes a conveyance path for conveying an object to be 
detected having a magnetic pattern, a magnet having poles 
each facing the conveyance path, first magnetic bodies eachin 
contact with each of side Surfaces orthogonal to the conveying 
direction of the object to be detected, of side surfaces of the 
magnet, and at least one second magnetic body located on a 
side opposite to the first magnetic bodies with respect to the 
conveyance path. The magnetic sensor device further 
includes: a magnetoresistance effect element located between 
the second magnetic body and the conveyance path in a cross 
magnetic field that has magnetic field strength within a pre 
determined range in a spacing direction and that is generated 
by the first magnetic bodies and the second magnetic body, 
the magnetoresistance effect element to detect, as change in 
the resistance value, changes in a component in the conveying 
direction in the cross magnetic field, the change being caused 
by the magnetic pattern of the object to be detected, the 
spacing direction being a direction orthogonal to the convey 
ing direction in the conveyance path and being a direction that 
Vertically passes through the magnetic pattern; and an out 
putter connected to the magnetoresistance effect element and 
to output the change in the resistance value detected by the 
magnetoresistance effect element. 

Advantageous Effects of Invention 

The present invention improves sensitivity to detect the 
magnetic pattern of an object to be detected when the object 
to be detected having the magnetic pattern and the magne 
toresistance effect element are not in contact with each other, 
that is, apart from each other by a predetermined distance. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a cross-sectional view along a conveying direction 
ofa magnetic sensor device according to First Embodiment of 
the present invention; 

FIG. 2 is Scross-sectional view along a direction orthogo 
nal to the conveying direction of the magnetic sensor device 
according to the First Embodiment; 

FIG. 3 is an enlarged view illustrating a state in which a 
multilayer board and an AMR element are mounted on a 
metal carrier in the magnetic sensor device according to the 
First Embodiment; 

FIG. 4 is a top view of the multilayer board and the AMR 
element of the magnetic sensor device according to the First 
Embodiment, seen from the conveyance path side; 
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FIG. 5 is a diagram illustrating connection of the AMR 
element and an external circuit in the magnetic sensor device 
according to the First Embodiment; 

FIG. 6 is a diagram illustrating a magnetic field distribution 
generated by a first magnet and a second magnet in the con 
Veyance path in the magnetic sensor device according to the 
First Embodiment; 

FIG. 7 is a graph illustrating change in a magnetic field 
strength in a spacing direction over a distance in the convey 
ing direction in the conveyance path of the magnetic sensor 
device according to the First Embodiment; 

FIG. 8 is a diagram of a vector of a magnetic field line for 
describing a detection principle of the magnetic sensor device 
according to the First Embodiment; 

FIG. 9 is a graph illustrating change in a magnetic field 
strength in the conveying direction and change in a magnetic 
field strength in the spacing direction over a distance in the 
spacing direction in the conveyance path of the magnetic 
sensor device according to the First Embodiment; 

FIG. 10 is a graph illustrating relationship between a mag 
netic field applied on the AMR element and a resistance 
change rate; 

FIG. 11 is a top view of an AMR element having meander 
shaped resistors in the magnetic sensor device according to 
the First Embodiment; 

FIG. 12 is a top view of a multilayer board and an AMR 
element in a magnetic sensor device according to Second 
Embodiment of the present invention, seen from the convey 
ance path side; 

FIG. 13 is a diagram illustrating connection of the AMR 
element and an external circuit in the magnetic sensor device 
according to the Second Embodiment; 

FIG. 14 is a top view of an AMR element having meander 
shaped resistors in the magnetic sensor device according to 
the Second Embodiment; 

FIG. 15 is a cross-sectional view along the conveying 
direction of a magnetic sensor device according to Third 
Embodiment of the present invention; 

FIG. 16 is a diagram illustrating a magnetic field distribu 
tion in the spacing direction, the magnetic field distribution 
being generated by yokes for a first magnet and yokes for a 
second magnet in a conveyance path of the magnetic sensor 
device according to the Third Embodiment; 

FIG. 17 is a graph illustrating change in a magnetic field 
strength in the conveying direction and change in a magnetic 
field strength in the spacing direction over a distance in the 
spacing direction in the conveyance path of the magnetic 
sensor device according to the Third Embodiment; 

FIG. 18 is a cross-sectional view along the conveying 
direction of a magnetic sensor device according to Fourth 
Embodiment of the present invention; 

FIG. 19 is a diagram illustrating a magnetic field distribu 
tion generated by a magnet and a magnetic body in a convey 
ance path of the magnetic sensor device according to the 
Fourth Embodiment; 

FIG. 20 is a cross-sectional view along the conveying 
direction of a magnetic sensor device according to Fifth 
Embodiment of the present invention; 

FIG. 21 is a diagram illustrating a magnetic field distribu 
tion generated by a yoke for a magnet and a magnetic body in 
a conveyance path of the magnetic sensor device according to 
the Fifth Embodiment: 

FIG. 22 is a cross-sectional view along the conveying 
direction of a magnetic sensor device according to Sixth 
Embodiment of the present invention; 
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4 
FIG. 23 is a diagram illustrating a magnetic field distribu 

tion generated by a magnet and a magnetic body in a convey 
ance path of the magnetic sensor device according to the Sixth 
Embodiment; 

FIG. 24 is a top view of a multilayer board and an AMR 
element of a magnetic sensor device according to Seventh 
Embodiment of the present invention, seen from the convey 
ance path side; 

FIG. 25 is a cross-sectional view along the conveying 
direction of a magnetic sensor device according to Eighth 
Embodiment of the present invention; 

FIG. 26 is a diagram illustrating a magnetic field distribu 
tion generated by a magnet and a magnetic body in a convey 
ance path of the magnetic sensor device according to the 
Eighth Embodiment; 

FIG. 27 is a cross-sectional view along the conveying 
direction of a magnetic sensor device according to Ninth 
Embodiment of the present invention; 

FIG. 28 is an enlarged view illustrating a state in which a 
monolayer board and an AMR element are mounted on a 
metal carrier in the magnetic sensor device according to the 
Ninth Embodiment; 

FIG. 29 is a cross-sectional view along the conveying 
direction of a magnetic sensor device according to Tenth 
Embodiment of the present invention; 

FIG. 30 is an enlarged view illustrating a state in which a 
monolayer board and an AMR element are mounted on a 
metal carrier in the magnetic sensor device according to the 
Tenth Embodiment; 

FIG. 31 is a cross-sectional view along the conveying 
direction of a magnetic sensor device according to Eleventh 
Embodiment of the present invention; 

FIG. 32 is an enlarged view illustrating a state in which a 
monolayer board and an AMR element are mounted in the 
magnetic sensor device according to the Eleventh Embodi 
ment; 

FIG. 33 is a cross-sectional view along the conveying 
direction of a magnetic sensor device according to Twelfth 
Embodiment of the present invention; 

FIG. 34 is an enlarged view illustrating a state in which a 
monolayer board and an AMR element are mounted in the 
magnetic sensor device according to the Twelfth Embodi 
ment; 

FIG. 35 is a cross-sectional view along the conveying 
direction of a magnetic sensor device according to Thirteenth 
Embodiment of the present invention; and 

FIG. 36 is an enlarged view illustrating a state in which a 
monolayer board and an AMR element are mounted in the 
magnetic sensor device according to the Thirteenth Embodi 
ment. 

DESCRIPTION OF EMBODIMENTS 

First Embodiment 

FIG. 1 is a cross-sectional view along a conveying direction 
ofa magnetic sensor device according to First Embodiment of 
the present invention. FIG. 2 is a cross-sectional view along a 
direction orthogonal to the conveying direction of the mag 
netic sensor device according to the First Embodiment. In 
drawings, an X axis direction is the conveying direction, a Y 
axis direction is the reading width direction, and a Z axis 
direction is the spacing direction. The conveying direction, 
the reading width direction and the spacing direction are 
orthogonal to one another. The spacing direction is a direction 
that Vertically passes through the magnetic pattern of an 
object to be detected 5. A conveyance path 2 is for conveying 
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the object to be detected 5 that is a paper sheet medium such 
as paper money. The object to be detected 5 is inserted 
through a first slit 3 formed across the reading width direction 
on one side (sidewall) of a housing 1. The object to be 
detected5 is conveyed in the conveying direction indicated by 
an arrow in FIGS. 1 and 2 on the conveyance path 2 by a 
conveyor that is not illustrated, and discharged through a 
second slit 4 formed across the reading width direction on the 
other side (sidewall). 
A first magnet 6 and a second magnet 7, which are perma 

nent magnets, are located on mutually opposing sides of the 
conveyance path 2, one pole of the first magnet 6 facing an 
opposite pole of the second magnet 7. That is, the north pole 
of the first magnet 6 faces the South pole of the second magnet 
7, and the south pole of the first magnet 6 faces the north pole 
of the second magnet 7. The first magnet 6 and the second 
magnet 7 are disposed apart from the object to be detected 5. 
Electric shields 31 are provided in such a way that each of the 
electric shields 31 is in contact with the first magnet 6 side or 
the second magnet 7 side of the conveyance path 2. 
A metal carrier 191, which is a non-magnetic body, is 

provided in contact with the conveyance path 2 side of the 
second magnet 7. On the surface of the metal carrier 191 and 
apart from the object to be detected 5 are provided a multi 
layer board 9 made of resin such as glass epoxy and an AMR 
(anisotropic magnetoresistance effect) element 10. The AMR 
element 10 includes a resistor on the surface thereof, and has 
a characteristic wherein its resistance value changes accord 
ing to change in the magnetic field orthogonal to the direction 
of an electric current that flows through the resistor. 

FIG. 3 is an enlarged view illustrating a state in which the 
multilayer board and the AMR element are mounted on the 
metal carrier in the magnetic sensor device according to the 
First Embodiment. FIG.3 is a partially enlarged view of FIG. 
1. FIG. 4 is a top view of the multilayer board and the AMR 
element of the magnetic sensor device according to the First 
Embodiment, seen from the conveyance path side. FIG. 5 is a 
diagram illustrating connection of the AMR element and an 
external circuit in the magnetic sensor device according to the 
First Embodiment. The multilayer board 9 includes at least a 
first layerboard 91 and a second layerboard 92, and is secured 
to the metal carrier 191. The multilayer board 9 has a hole 9a. 
The hole 9a is composed of a hole 91a of the first layer board 
and a hole 92a of the second layer board. The opening of the 
hole 91a of the first layer board is larger than the opening of 
the hole 92a of the second layer board. Alternatively, the 
multilayer board 9 may include a third or more layer boards. 
The AMR element 10 is bonded with adhesive to the Sur 

face of the metal carrier 191 that is exposed to the hole 92a of 
the second layer board, and is surrounded by the multilayer 
board9. The hole 91a of the first layer board and the hole 92a 
of the second layer board are sealed with a resin 13 in such a 
way that the resin does not overflow from the surface of the 
first layer board 91. Electrodes 101a to 101c of the AMR 
element 10 are connected to electrodes 111a to 111c provided 
on the surface of the second layer board 92 that is exposed to 
the hole 91a of the first layer board, respectively, by metal 
wires 12 that are electric connection means. The electrodes 
111a to 111c are connected via a transmission line 11 to 
connection pads 112a to 112c provided on the back surface of 
the multilayer board 9. 

Each of the resistor 102a and resistor 102b of the AMR 
element 10 is formed in such a way that the long side of its 
rectangular shape extends along the reading width direction. 
The resistors 102a, 102b are made of, for example, thin films. 
The resistor 102a and the resistor 102b are connected in series 
to each other; the connection point of the resistor 102a and the 
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6 
resistor 102b is connected to the electrode 101b; the electrode 
101b is connected via the metal wire 12 to the electrode 111b, 
which is connected via the connection pad 112b and a cable 
71 to a processing circuit 15 that processes signals. The other 
end of the resistor 102a is connected to the electrode 101a; the 
electrode 101a is connected via the metal wire 12 to the 
electrode 111a, which is connected via the connection pad 
112a to a DC (Direct Current) power supply voltage Vcc. The 
other end of the resistor 102b is connected to the electrode 
101c; the electrode 101c is connected via the metal wire 12 to 
the electrode 111c, which is DC grounded via the connection 
pad 112c. 

FIG. 6 is a diagram illustrating a magnetic field distribution 
generated by the first magnet and the second magnet in the 
conveyance path of the magnetic sensor device according to 
the First Embodiment. FIG. 7 is a graph illustrating change in 
the magnetic field strength in the spacing direction over a 
distance in the conveying direction in the conveyance path of 
the magnetic sensor device according to the First Embodi 
ment. In FIG. 7, the horizontal axis indicates a distance in the 
conveying direction with the center in the conveying direction 
of the first magnet 6 being 0, and the vertical axis indicates a 
magnetic field strength in the spacing direction. FIG. 8 is a 
diagram of a vector of a magnetic field line for describing a 
detection principle of the magnetic sensor device according to 
the First Embodiment. FIG. 8 is an enlarged view of D portion 
surrounded by a dotted line in FIG. 6. FIGS. 6 and 8 illustrate 
necessary components for describing a magnetic field distri 
bution and do not illustrate other components, of components 
in FIG. 1. 
As illustrated in FIG. 6, the first magnet 6 and the second 

magnet 7 generate a cross magnetic field whose magnetic 
field strength in the spacing direction, which is a predeter 
mined direction orthogonal to the conveying direction, is 
within a predetermined range in the conveyance path 2. For 
example, at both ends of the first magnet 6 is generated across 
magnetic field whose magnetic field strength is more than or 
equal to a predetermined value recognized as a strong mag 
netic field strength. The AMR element 10 is located in a 
strong magnetic field strength region whose magnetic field 
strength in the spacing direction is within a predetermined 
range. The object to be detected 5 passes through the strong 
magnetic field strength region so as to intersect with the 
magnetic field in the spacing direction. 

In FIG. 6, in a cross magnetic field that is orthogonal to the 
conveying direction and in which the AMR element 10 is 
disposed, a magnetic field component in the spacing direction 
from the north pole of the second magnet 7 to the south pole 
of the first magnet 6 is the main magnetic field component of 
magnetic field lines 17. Since the magnetic field line 17, as 
illustrated in FIG. 8A, inclines a little from the spacing direc 
tion to the conveying direction, a conveying direction mag 
netic field component in the cross magnetic field acts as a bias 
magnetic field of the AMR element 10. 
As the object to be detected 5 approaches, the magnetic 

field line 17 inclines toward the object to be detected 5 as 
illustrated in FIG. 8B, which reduces the conveying direction 
magnetic field component in the cross magnetic field. As the 
object to be detected 5 moves away, the magnetic field line 17 
inclines toward the object to be detected 5 as illustrated in 
FIG. 8C, which increases the conveying direction magnetic 
field component in the cross magnetic field. The change in the 
conveying direction magnetic field component of the cross 
magnetic field changes the resistance value of the AMR ele 
ment 10 for sensing change in the conveying direction mag 
netic field component in the cross magnetic field, thereby 
detecting the object to be detected 5. 
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FIG. 9 is a graph illustrating change in the magnetic field 
strength in the conveying direction and change in the mag 
netic field strength in the spacing direction over a distance in 
the spacing direction in the conveyance path of the magnetic 
sensor device according to the First Embodiment. In FIG. 9. 
the horizontal axis indicates a distance in the spacing direc 
tion, Z (unit: mm), which is the distance from the second 
magnet 7, and the vertical axis indicates the magnetic field 
strength in the conveying direction and the magnetic field 
strength in the spacing direction (unit: mT). FIG. 10 is a graph 
illustrating the relationship between the magnetic field 
applied on the AMR element and the resistance change rate. 
In FIG. 10, the horizontal axis indicates applied magnetic 
field (unit: mT), and the vertical axis indicates a resistance 
change rate (unit:%). In FIG. 6, each of the first magnet 6 and 
the second magnet 7 has a thickness of A=5 mm in the 
conveying direction and a thickness of B-10 mm in the spac 
ing direction; and the clearance between the first magnet 6 
and the second magnet 7 is G=5 mm. Neodymium sintered 
magnets are used as the first magnet 6 and the second magnet 
7. Then, at the point apart by a distance C-2.7 mm in the 
conveying direction from the center of the first magnet 6 were 
calculated change in the magnetic field strength BX in the 
conveying direction and change in the magnetic field strength 
BZ in the clearance direction, over a distance in the spacing 
direction. In FIG. 9, the magnetic field strength Bx is indi 
cated by a solid line; the magnetic field strength BZ is indi 
cated by a dotted line. 

At the center (Z=2.5 mm=G/2) of clearance G between the 
first magnet 6 and the second magnet 7, the magnetic field 
strength Bx is 0. The saturated magnetic field strength of the 
AMR element 10 is 5 mT as indicated by a solid line in FIG. 
10, and BX becomes 5 mT near Z=2.65 mm, as illustrated in 
FIG. 9. Assume that the position of the AMR element 10 is 
closer to the first magnet 6 by C. than the center of the clear 
ance G between the first magnet 6 and the second magnet 7. If 
C. is set to be 0<C.<0.15 mm, output from the AMR element 10 
is never Saturated and a suitable bias magnetic field is applied 
on the AMR element 10. The most preferable is a state where 
a bias magnetic field having about a magnetic field strength of 
Bx=2.5 mT is applied so that the sensitivity gradient of the 
AMR element 10 is the largest, and if C is set to be near 
C=0.08 mm, the highest output is obtained. 
When the magnetic pattern of the object to be detected 5 

reaches the resistors 102a, 102b, change in the magnetic field 
detected by the AMR element 10 is proportional to the mag 
netic field around the object to be detected 5 (a magnetic field 
applied on the object to be detected 5). In order to increase 
output from the AMR element 10, a stronger magnetic field 
needs to be applied on the object to be detected 5. In the 
magnetic sensor device according to the First Embodiment, if 
the distance between the object to be detected 5 and the AMR 
element 10 is short, for example, if the object to be detected 5 
is near Z=3 mm, the magnetic field applied on the object to be 
detected 5 is BZ=around 300 mT as illustrated in FIG. 9. If the 
distance between the object to be detected 5 and the AMR 
element 10 is longer and the object to be detected 5 is near 
Z=4 mm, BZaround 370 mT. Even if the AMR element 10 
and the object to be detected 5 are further apart from each 
other, detection sensitivity above a certain level is maintained. 

If the object to be detected 5 passes through the point of 
Z=4 mm, the distance between the AMR element 10 and the 
object to be detected5 is about 1.5 mm as described above and 
therefore the AMR element 10 and the object to be detected 5 
are close to each other. A method to mount the AMR element 
10 will be described with reference to FIGS. 3 and 4 in which 
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8 
the AMR element 10 is protected without being in contact 
with the object to be detected 5. 
The AMR element 10 has a thickness of around 0.5 mm, 

and the resistors 102a, 102b are formed on the surface of the 
AMR element 10. The AMR element 10 is bonded to the 
surface of the metal carrier 191 having a thickness of 2.02 mm 
in such a way that the resistors 102a, 102b are located at the 
point of Z=G/2+C.-2.52 mm. 
The second layer board 92 has a thickness of 0.5 mm. The 

electrodes 111a to 111c of the second layer board 92 are 
connected via the metal wires 12 to the electrodes 101a to 
101c of the AMR element 10. By making the second layer 
board 92 have the same thickness as that of the AMR element 
10, the loop height of the metal wires 12 is minimized. 
The thickness of the first layer board91 is made to be about 

0.3 mm similar to the loop height of the metal wires 12. The 
resin 13 that is epoxy with a low viscosity is applied to the 
hole 91a of the first layer board and the hole 92a of the second 
layer board so as not to overflow from the surface of the first 
layer board 91, thereby protecting the AMR element 10 and 
metal wires 12. The electrodes 111a to 111C of the second 
layer board 92 are connected via the transmission line 11 to 
the connection pads 112a to 112c provided on the back sur 
face of the multilayer board 9, and are connected via the 
connection pads 112a to 112c to the power Supply Voltage 
Vcc, processing circuit 15 and the like. This implementation 
protects the AMR element 10, and secures a clearance of 1.2 
mm between the surface of the multilayer board 9 and the 
object to be detected 5 without a protrusion that blocks con 
veyance of the object to be detected 5. 

In this way, a strong magnetic field in the spacing direction 
is applied on the object to be detected 5, and the farther the 
object to be detected 5 is apart from the AMR element 10, the 
stronger the magnetic field is applied. Therefore, even if the 
AMR element 10 and the object to be detected 5 are apart 
from each other, the magnetic pattern of the object to be 
detected 5 can be detected and the detection sensitivity over a 
certain level can be maintained. The bias magnetic field 
strength in the conveying direction to be applied on the AMR 
element 10 does not change so much depending on the posi 
tion in the spacing direction, thereby improving assembly 
accuracy. Further, since the first magnet 6 and the second 
magnet 7 are disposed so as to face each other, a stable 
magnetic path is formed, thereby stably detecting the mag 
netic pattern of the object to be detected 5 without being 
Susceptible to an external magnetic body. 

FIG. 11 is a top view of an AMR element having meander 
shaped resistors in the magnetic sensor device according to 
the First Embodiment. Instead of the rectangular resistors 
102a, 102b, the AMR element 10 may have meander-shaped 
resistors whose long sides extend in the reading width direc 
tion, as illustrated in FIG. 11. Meander-shaped means a 
folded pattern as illustrated in FIG. 11. Compared with the 
rectangular resistors 102a, 102b, resistance values of the 
meander-shaped resistors 102a 102b increase to high resis 
tance values, thereby improving sensitivity of the AMR ele 
ment 10 to detect change in the magnetic field which, in turn, 
improves detection sensitivity of the magnetic sensor device. 

In the First Embodiment, the AMR element 10 is bonded to 
the surface of the metal carrier 191 in the multilayer board 9. 
In the case where an AMR element 10 having different resis 
tance change rate and saturated magnetic field strength is 
used and the AMR element 10 is close to the first magnet 6, a 
structure may be employed in which the AMR element 10 is 
bonded to the surface on the conveyance path 2 side of the first 
magnet 6 without the metal carrier 191. 
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Instead of the AMR element 10, a GMR (giant magnetore 
sistance effect) element or a TMR (tunnel magnetoresistance 
effect) element may be used. 

Second Embodiment 

FIG. 12 is a top view of a multilayer board and an AMR 
element in a magnetic sensor device according to Second 
Embodiment of the present invention, seen from the convey 
ance path side. The same components as those in FIG. 4 have 
the same reference signs. In FIG. 12, the resistor 102a of the 
AMR element 10 is disposed in such a way that the long side 
of the rectangular shape of the resistor 102a extends in the 
reading width direction; the resistor 102b is disposed in such 
away that the longside of the rectangular shape of the resistor 
102b extends in the conveying direction; a connection point 
that connects the resistor 102a and the resistor 102b in series 
is connected to the electrode 101b of the AMR element 10; the 
other end of the resistor 102a is connected to the electrode 
101a; and the otherend of the resistor 102b is connected to the 
electrode 101C. 

FIG. 13 is a diagram illustrating connection of the AMR 
element and an external circuit in the magnetic sensor device 
according to the Second Embodiment. The same components 
as those in FIG.5 have the same reference signs. In FIGS. 12 
and 13, the electrode 101a is connected via the metal wire 12 
to the electrode 111a, which is connected via the connection 
pad 112a to the DC power supply voltage Vcc. The electrode 
101b is connected via the metal wire 12 to the electrode 111b, 
which is connected via the connection pad 112b to the pro 
cessing circuit 15 that processes signals. The electrode 101C 
is connected via the metal wire 12 to the electrode 111C, 
which is DC grounded via the connection pad 112c. 

In the magnetic sensor device according to the Second 
Embodiment, like the magnetic sensor device according to 
the First Embodiment, the spacing direction magnetic field 
component is the main magnetic field component of the mag 
netic field lines 17 in a cross magnetic field. Since the mag 
netic field lines 17 incline a little from the spacing direction to 
the conveying direction, the conveying direction magnetic 
field component in this magnetic field acts as a bias magnetic 
field of the AMR element 10. A bias magnetic field Bx is 
applied on the resistor 102a. However, since Bx is not the 
sensing direction for the resistor 102b, the bias magnetic field 
is not applied on the resistor 102b. In this state, when the 
object to be detected5 is conveyed in the conveying direction 
and the magnetic pattern of the object to be detected 5 reaches 
the resistor 102a, the magnetic field BX near the resistor 102a 
changes, thereby changing the resistance value of the resistor 
102a. Meanwhile, since change in the magnetic field Bx near 
the resistor 102b is not sensed by the resistor 102b, the resis 
tance value of the resistor 102b is always fixed. Accordingly, 
the magnetic patternisable to be detected with only change in 
the magnetic field sensed by the resistor 102a. 

FIG. 14 is a top view of an AMR element having meander 
shaped resistors in the magnetic sensor device according to 
the Second Embodiment. The resistors 102a, 102b of the 
AMR element 10 may be meander-shaped, the resistor 102a 
may be disposed in Such away that its longside extends in the 
reading width direction, and the resistor 102b may be dis 
posed in Such away that its longside extends in the conveying 
direction, as illustrated in FIG. 14. In this case, resistance 
values of the resistors 102a, 102b increase to high resistance 
values, compared with rectangular resistors, thereby improv 
ing sensitivity of the AMR element 10 to detect change in the 
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10 
magnetic field which, in turn, improves the detection sensi 
tivity of the magnetic sensor device. 

Third Embodiment 

FIG. 15 is a cross-sectional view along the conveying 
direction of a magnetic sensor device according to Third 
Embodiment of the present invention. The same components 
as those in FIG. 1 have the same reference signs. The mag 
netic sensor device according to the Third Embodiment fur 
ther includes: yokes for the first magnet 81 that are a pair of 
magnetic bodies, each being in contact with each of side 
Surfaces orthogonal to the conveying direction, of side Sur 
faces of the first magnet 6; and the yokes for the second 
magnet 82 that are a pair of magnetic bodies, each being in 
contact with each of side Surfaces orthogonal to the conveying 
direction, of side surfaces of the second magnet 7, in addition 
to the configuration of the magnetic sensor device according 
to the First Embodiment in FIG. 1. 

FIG. 16 is a diagram illustrating a magnetic field distribu 
tion in the spacing direction, the magnetic field distribution 
being generated by the yokes for the first magnet and the 
yokes for the second magnet in a conveyance path of the 
magnetic sensor device according to the Third Embodiment. 
FIG. 16 illustrates components necessary for describing the 
magnetic field distribution and does not illustrate other com 
ponents, of components in FIG. 15. 
As illustrated in FIG.16, the AMR element 10 is located in 

a strong magnetic field strength region whose magnetic field 
strength in the spacing direction is within a predetermined 
range. The object to be detected 5 passes through the strong 
magnetic field strength region so as to intersect with the 
magnetic field in the spacing direction. 
The yokes for the first magnet 81 are made of plate-like soft 

magnetic bodies, each having a thickness of P in the convey 
ing direction (a thickness in the spacing direction of the first 
magnet 6 and the second magnet 7 BDP). The yokes for the 
first magnet 81 are mounted to both sides of the first magnet 
6 by adhesion, casting, a magnetic attraction, or the like in 
Such a way that the lower ends in the spacing direction of the 
yokes for the first magnet 81 and the lower end in the spacing 
direction of the first magnet 6 are aligned with each other or 
in Such a way that lower ends in the spacing direction of the 
yokes for the first magnet 81 are located lower by a predeter 
mined thickness than a lower end in the spacing direction of 
the first magnet 6. The yokes for the second magnet 82 are 
made of plate-like Soft magnetic bodies, each having a thick 
ness of P in the conveying direction. Theyokes for the second 
magnet 82 are mounted to both sides of the second magnet 7 
by adhesion, casting, a magnetic attraction, or the like in Such 
away that upper ends in the spacing direction of the yokes for 
the second magnet 82 and an upper end in the spacing direc 
tion of the second magnet 7 are aligned with each other or in 
Such a way that upper ends in the spacing direction of the 
yokes for the second magnet 82 are located higher by a 
predetermined thickness than an upper end in the spacing 
direction of the first magnet 7. 

In this configuration, the magnetic field lines 17 emitted 
from the side surface of the first magnet 6 and the side surface 
of the second magnet 7 are collected by the yoke for the first 
magnet 81 and the yoke for the second magnet 82, respec 
tively, each of the yokes for the first magnet 81 and yokes for 
the second magnet 82 having a thickness P in the conveying 
direction. As illustrated in FIG.16, the magnetic field lines 17 
are emitted from the end of the yoke for the first magnet 81 
that is in contact with the north pole of the first magnet 6, and 
arc toward the end of the yoke for the second magnet 82 that 
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is in contact with the South pole of the second magnet 7; and 
the magnetic field lines 17 are emitted from the end of the 
yoke for the second magnet 82 that is in contact with the north 
pole of the second magnet 7, and arc toward the end of the 
yoke for the first magnet 81 that is in contact with the south 
pole of the first magnet 6. The magnetic sensor device accord 
ing to the Third Embodiment is able to detect the object to be 
detected 5 such as paper money, in the same principle as that 
used in the magnetic sensor device according to the First 
Embodiment in FIG. 8. By providing the yokes for the first 
magnet 81 and yokes for the second magnet 82, a stronger 
magnetic field is applied on the object to be detected 5 and the 
assembly accuracy is improved, compared with the case in 
which only the first magnet 6 and the second magnet 7 face 
each other. 

FIG. 17 is a graph illustrating change in the magnetic field 
strength in the conveying direction and change in the mag 
netic field strength in the spacing direction over a distance in 
the spacing direction in the conveyance path of the magnetic 
sensor device according to the Third Embodiment. In FIG. 17. 
the horizontal axis indicates a distance in the spacing direc 
tion, Z (unit:mm), which is the distance from the yoke for the 
second magnet 82; and the vertical axis indicates a magnetic 
field strength in the conveying direction and a magnetic field 
strength in the spacing direction (unit: mT). In FIG. 16, each 
of the first magnet 6 and the second magnet 7 has a thickness 
of A 5 mm in the conveying direction and a thickness of 
B=10 mm in the spacing direction; each of the yokes for the 
first magnet 81 and the yokes for the second magnet 82 has a 
thickness of P-3 mm in the conveying direction. The lower 
ends in the spacing direction of the yokes for the first magnet 
81 are located lower by Q=1 mm than the lower end in the 
spacing direction of the first magnet 6, and the upper ends in 
the spacing direction of the yokes for the second magnet 82 
are located higher by Q=1 mm than the upper end in the 
spacing direction of the second magnet 7. The clearance 
between theyokes for the first magnet 81 and theyokes for the 
second magnet 82 is G=5 mm Neodymium sintered magnets 
are used as the first magnet 6 and the second magnet 7. Then, 
at the position apart by a distance C-4.0 mm in the conveying 
direction from the center of the first magnet 6 were calculated 
change in the magnetic field strength in the conveying direc 
tion BX and change in the magnetic field strength in the 
spacing direction BZ, over a distance in the spacing direction. 
The magnetic field strength component Bx is indicated by a 
Solid line, and the magnetic field strength component BZ is 
indicated by a dotted line. 
The magnetic field strength Bx is 0 at the center (Z=2.5 

mm=G/2) of clearance G between the yoke for the first mag 
net 81 and the yoke for the second magnet 82. The saturated 
magnetic field strength of the AMR element 10 is 5 mT as 
illustrated by a solid line in FIG. 10, and Bx is 5 mT near 
Z-3.0 mm, as illustrated in FIG. 17. Assume that the position 
of the AMR element 10 is the position that is closer by a to the 
yoke for the first magnet 81 than the center of clearance G 
between the yoke for the first magnet 81 and the yoke for the 
second magnet 82. If C is set to be 0<C.<0.5 mm, output from 
the AMR element 10 is not saturated and a suitable bias 
magnetic field is applied on the AMR element 10, which 
shows that the assembly accuracy is significantly improved, 
compared with the assembly accuracy of the magnetic sensor 
device according to the First Embodiment (0<C.<0.15 mm). 
The most preferable is the state in which a bias magnetic field 
having a magnetic field strength of BX around 2.5 mT is 
applied so that the sensitivity gradient of the AMR element 10 
is the largest, and if C. is set to be near C.-0.25 mm, the highest 
output is obtained. 
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When the magnetic pattern of the object to be detected 5 

reaches the resistors 102a, 102b, change in the magnetic field 
detected by the AMR element 10 is proportional to the mag 
netic field around the object to be detected 5 (the magnetic 
field applied on the object to be detected 5). In order to 
increase output from the AMR element 10, a stronger mag 
netic field needs to be applied on the object to be detected 5. 
In the magnetic sensor device according to the Second 
Embodiment, if the distance between the object to be detected 
5 and the AMR element 10 is short, for example, if the object 
to be detected 5 is near Z=3 mm, the magnetic field applied to 
the object to be detected5 is BZ-around 480 mT, illustrated in 
FIG. 17. If the distance between the object to be detected 5 
and the AMR element 10 is longer and the object to be 
detected 5 is near Z=4 mm, BZFaround 540 mT. Even if the 
AMR element 10 and the object to be detected 5 are further 
apart from each other, detection sensitivity above a certain 
level is maintained, which is significantly improved, com 
pared with the magnetic field applied on the object to be 
detected5 in the magnetic sensor device according to the First 
Embodiment. As a result, a stable output is obtained. 
By attaching the yokes for the first magnet 81 and theyokes 

for the second magnet 82 to both sides of the first magnet 6 
and both sides of the second magnet 7, respectively, variations 
of magnetic forces in the reading width direction of the first 
magnet 6 and the second magnet 7 can be evened out. Par 
ticularly in the case of a line-type magnetic sensor, variations 
of bias magnetic fields among respective channels are 
reduced which, in turn, reduces variations of outputs among 
lines, thereby increasing the yield and reducing cost. 

Fourth Embodiment 

FIG. 18 is a cross-sectional view along the conveying 
direction of a magnetic sensor device according to Fourth 
Embodiment of the present invention. The same components 
as those in FIG. 1 have the same reference signs. In the 
magnetic sensor device according to the Fourth Embodiment, 
a magnet 8 and a magnetic body 80 face each other, unlike the 
magnetic sensor device according to the First Embodiment in 
FIG.1. As the magnetic body 80, a soft magnetic body such as 
iron is used. 

FIG. 19 is a diagram illustrating a magnetic field distribu 
tion generated by the magnet and the magnetic body in a 
conveyance path of the magnetic sensor device according to 
the Fourth Embodiment. FIG. 19 illustrates components nec 
essary for describing the magnetic field distribution, and does 
not illustrate other components, of components in FIG. 18. In 
FIG. 19, the magnetic field strength in the spacing direction 
generated by the magnet 8 and the magnetic body 80 that face 
each other over a distance in the conveying direction has a 
distribution in which the magnetic field strength is 0 near the 
center in the conveying direction of the magnet 8 and the 
absolute value of the magnetic field strength increases toward 
both ends of the magnet 8, like in FIG. 7. 
As illustrated in FIG. 19, the AMR element 10 is located in 

a strong magnetic field strength region whose magnetic field 
strength in the spacing direction is within a predetermined 
range. The object to be detected 5 passes through the strong 
magnetic field strength region so as to intersect with the 
magnetic field in the spacing direction. 

In FIG. 19, in a cross magnetic field that is orthogonal to the 
conveying direction and in which the AMR element 10 is 
disposed, a spacing direction magnetic field component from 
the north pole of the magnet 8 to the magnetic body 80 is the 
main magnetic field component of the magnetic field lines 17. 
The magnetic sensor device according to the Fourth Embodi 



US 9,244,135 B2 
13 

ment is also able to detect the object to be detected 5 such as 
paper money in the same principle as that used by the mag 
netic sensor device according to the First Embodiment in 
FIG 8. 

In the magnetic sensor device according to the Fourth 
Embodiment, the bias magnet is disposed on only one side 
and a soft magnetic body Such as cheap iron is disposed at the 
other side, thereby reducing production cost of the magnetic 
sensor device. 

Fifth Embodiment 

FIG. 20 is a cross-sectional view along the conveying 
direction of a magnetic sensor device according to Fifth 
Embodiment of the present invention. The magnetic sensor 
device according to the Fifth Embodiment includes yokes for 
a magnet 83 that are a pair of magnetic bodies, each being in 
contact with each of side surfaces orthogonal to the conveying 
direction, of side surfaces of the magnet 8, in addition to the 
configuration of the magnetic sensor device according to the 
Fourth Embodiment in FIG. 18. The shapes of the yokes are 
the same as those of the yokes for the first magnet 81 of the 
magnetic sensor device according to the Third Embodiment. 
The same components as those in FIG. 18 have the same 
reference signs. 

FIG. 21 is a diagram illustrating a magnetic field distribu 
tion generated by the yoke for the magnet and the magnetic 
body in a conveyance path of the magnetic sensor device 
according to the Fifth Embodiment. FIG. 21 illustrates com 
ponents necessary for describing the magnetic field distribu 
tion and does not illustrate other components, of components 
in FIG. 20. 
As illustrated in FIG. 21, the AMR element 10 is located in 

a strong magnetic field strength region whose magnetic field 
strength in the spacing direction is within a predetermined 
range. The object to be detected 5 passes through the strong 
magnetic field strength region so as to intersect with the 
magnetic field in the spacing direction. 

In FIG. 21, in a cross magnetic field that is orthogonal to the 
conveying direction and in which the AMR element 10 is 
disposed, a spacing direction magnetic field component from 
the yoke for the magnet 83 that is in contact with the north 
pole of the magnet 8 to the magnetic body 80 is the main 
magnetic field component of the magnetic field lines 17. The 
magnetic sensor device according to the Fifth Embodiment is 
also able to detect the object to be detected 5 such as paper 
money in the same principle as that used by the magnetic 
sensor device according to the First Embodiment in FIG. 8. 

In this configuration, the magnetic field lines 17 emitted 
from the side surface of the magnet 8 are collected by the yoke 
for the magnet 83, the yoke for the magnet 83 having a 
thickness of P in the conveying direction, and then the mag 
netic field lines 17 are emitted from the end of the yoke for the 
magnet 83 that is in contact with the north pole of the magnet 
8 and arc toward the magnetic body 80, as illustrated in FIG. 
21. By providing the yokes for the magnet 83, a stronger 
magnetic field is applied on the object to be detected 5 and the 
assembly accuracy is improved, compared with the magnetic 
sensor device according to the Fourth Embodiment. 

In the magnetic sensor device according to the Fifth 
Embodiment, the bias magnetis disposed at only one side and 
a soft magnetic body Such as cheap iron is disposed at the 
other side, which reduces production cost of the magnetic 
sensor device. 

Sixth Embodiment 

FIG. 22 is a cross-sectional view along the conveying 
direction of a magnetic sensor device according to Sixth 
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Embodiment of the present invention. In the magnetic sensor 
device according to the Sixth Embodiment, orientation of the 
magnet 8 of the magnetic sensor device according to the 
Fourth Embodiment in FIG. 18 is changed so that either one 
of the poles of the magnet 8 faces the magnetic body 80. The 
same components as those in FIG. 18 have the same reference 
signs. 

FIG. 23 is a diagram illustrating a magnetic field distribu 
tion generated by the magnet and the magnetic body in a 
conveyance path of the magnetic sensor device according to 
the Sixth Embodiment. FIG. 23 illustrates components nec 
essary for describing the magnetic field distribution, and does 
not illustrate other components, of components in FIG. 22. In 
FIG. 23, the magnetic field strength in the spacing direction 
has a distribution in which the absolute value of the magnetic 
field strength is the maximum near the center in the conveying 
direction of the magnet 8 and decreases toward the both ends. 
As illustrated in FIG. 23, the AMR element 10 is located in 

a strong magnetic field strength region whose magnetic field 
strength in the spacing direction is within a predetermined 
range. The object to be detected 5 passes through the strong 
magnetic field strength region so as to intersect with the 
magnetic field in the spacing direction. 

In FIG. 23, in a cross magnetic field that is orthogonal to the 
conveying direction and in which the AMR element 10 is 
disposed, the spacing direction magnetic field component 
from the north pole of the magnet 8 to the magnetic body 80 
is the main magnetic field component of the magnetic field 
lines 17. The magnetic sensor device according to the Sixth 
Embodiment is also able to detect the object to be detected 5 
such as paper money in the same principle as that used by the 
magnetic sensor device according to the First Embodiment in 
FIG 8. 

Seventh Embodiment 

FIG. 24 is a top view of a multilayer board and an AMR 
element of a magnetic sensor device according to Seventh 
Embodiment of the present invention, seen from the convey 
ance path side. In the magnetic sensor device according to the 
Seventh Embodiment, the AMR elements 10, which are the 
same as the AMR element 10 of the magnetic sensor device 
according to the Second Embodiment in FIG. 12, are 
arranged in an array. In FIG. 24, the same components as 
those in FIG. 12 have the same reference signs. In FIG. 24, a 
plurality of AMR elements 10 are mounted in an array in the 
hole 9a of the multilayer board 9, over a distance in the 
reading width direction. Operation is the same as that of the 
magnetic sensor device according to the Second Embodiment 
of the present invention. A method to connect the resistors 
102a, 102b and the electrodes 101a to 101c of the AMR 
element 10 is not limited to the method in FIG. 12, but the 
method in FIG.4 may be employed. Instead of the rectangular 
resistors 102a, 102b, the resistors may be meander-shaped, 
like in FIG. 11 or 14. As to arrangement of a pair of magnets 
located on mutually opposing sides of the conveyance path 2 
or arrangement of a magnet and a magnetic body located on 
mutually opposing sides of the conveyance path 2, any 
arrangement in the first to Sixth Embodiments can be 
employed. 

In FIG. 24, all of the AMR elements 10 are disposed in the 
one hole 9a, and are collectively surrounded by the multilayer 
board 9. Alternatively, a configuration may be employed in 
which the multilayer board 9 surrounds each of the AMR 
elements 10. Alternatively, a configuration may be employed 
in which the multilayer board 9 includes a plurality of holes 
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9a, each of the AMR elements 10 is disposed in each of the 
holes 9a, and the multilayer board 9 collectively surrounds 
the AMR elements 10. 

This line-type magnetic sensor device in which a plurality 
of AMR elements 10 are arranged in an array enlarges the 
detection width. 

Eighth Embodiment 

FIG. 25 is a cross-sectional view along the conveying 
direction of a magnetic sensor device according to Eighth 
Embodiment of the present invention. In the magnetic sensor 
device according to the Eighth Embodiment, the magnet 8 
and the magnetic body 80 of the magnetic sensor device 
according to the Fourth Embodiment in FIG. 18 are swapped 
and the magnetic sensor device is turned upside down. The 
same components as those in FIG. 18 have the same reference 
signs. As the magnetic body 80, a soft magnetic body Such as 
iron is used. 

FIG. 26 is a diagram illustrating the magnetic field distri 
bution generated by the magnet and the magnetic body in a 
conveyance path of the magnetic sensor device according to 
the Eighth Embodiment. FIG. 26 illustrates components nec 
essary for describing the magnetic field distribution, and does 
not illustrate other components, of components in FIG. 25. In 
FIG. 26, the magnetic field strength in the spacing direction of 
the magnet 8 and the magnetic body 80 that face each other 
over a distance in the conveying direction has a distribution in 
which the magnetic field strength is 0 near the center in the 
conveying direction of the magnet 8 and the absolute value of 
the magnetic field strength increases toward both ends of the 
magnet 8, like in FIG. 7. 
As illustrated in FIG. 26, the AMR element 10 is located in 

a strong magnetic field strength region whose magnetic field 
strength in the spacing direction is within a predetermined 
range. The object to be detected 5 passes through in the strong 
magnetic field strength region so as to intersect with the 
magnetic field in the spacing direction. 

In FIG. 26, in a cross magnetic field that is orthogonal to the 
conveying direction and in which the AMR element 10 is 
disposed, the spacing direction magnetic field component 
from the north pole of the magnet 8 to the magnetic body 80 
is the main magnetic field component of the magnetic field 
lines 17. The magnetic sensor device according to the Eighth 
Embodiment is also able to detect the object to be detected 5 
Such as paper money in the same principle as that used by the 
magnetic sensor device according to the First Embodiment in 
FIG 8. 

In the magnetic sensor device according to the Eighth 
Embodiment, like the magnetic sensor device according to 
the Fourth Embodiment, the bias magnet is disposed at only 
one side and a soft magnetic body Such as iron is disposed at 
the other side, which reduces production cost of the magnetic 
sensor device. 

If, like the magnetic sensor device according to the Fifth 
Embodiment, yokes for a magnet that are a pair of magnetic 
bodies, each being in contact with each of side surfaces that 
are orthogonal to the conveying direction, of side Surfaces of 
the magnet 8, are disposed in the magnetic sensor device 
according to the Eighth Embodiment, the same effects as 
those of the magnetic sensor device according to the Fifth 
Embodiment are obtained. 

If the magnetization direction of the magnet 8 of the mag 
netic sensor device according to the Eighth Embodiment is 
the spacing direction like the magnetic sensor device accord 
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16 
ing to the Sixth Embodiment, the same effects as those of the 
magnetic sensor device according to the Sixth Embodiment 
are obtained. 

Ninth Embodiment 

FIG. 27 is a cross-sectional view along the conveying 
direction of a magnetic sensor device according to Ninth 
Embodiment of the present invention. FIG. 28 is an enlarged 
view illustrating a state in which a monolayer board and an 
AMR element are mounted on a metal carrier in the magnetic 
sensor device according to the Ninth Embodiment. In FIGS. 
27 and 28, the same components as those in FIGS. 1 and 3 
have the same reference signs. The magnetic sensor device 
according to the Ninth Embodiment includes a monolayer 
board 20, instead of the multilayer board 9 of the magnetic 
sensor device according to the First Embodiment. 
On the surface of the metal carrier 191 are provided the 

monolayer board 20 and the AMR element 10. The mono 
layer board 20 includes a hole 20a. The AMR element 10 is 
bonded with adhesive to the surface of the metal carrier 191, 
exposed to the hole 20a, and is surrounded by the monolayer 
board 20. Like in FIG. 4, the electrodes 101a to 101c of the 
AMR element 10 are connected via the metal wires 12 to the 
electrodes 111a to 111c provided on the surface of the mono 
layer board 20, respectively. The electrodes 111a to 111c are 
connected via the transmission line 11 to the connection pads 
112a to 112c provided on the back surface of the monolayer 
board 20. The connection pad 112a is connected to the DC 
power Supply Voltage Vcc, the connection pad 112b is con 
nected to the processing circuit 15, and the connection pad 
112c is DC grounded. The AMR element 10 and the metal 
wires 12 are sealed and protected by the resin 13. 

In the magnetic sensor device according to the Ninth 
Embodiment, the same effects as those of the magnetic sensor 
device according to the First Embodiment are obtained. 

Tenth Embodiment 

FIG. 29 is a cross-sectional view along the conveying 
direction of a magnetic sensor device according to Tenth 
Embodiment of the present invention. FIG. 30 is an enlarged 
view illustrating a state in which a monolayer board and an 
AMR element are mounted on a metal carrier in the magnetic 
sensor device according to the Tenth Embodiment. In FIGS. 
29 and 30, the same components as those in FIGS. 1 and 3 
have the same reference signs. The magnetic sensor device 
according to the Tenth Embodiment includes the monolayer 
board 20, instead of the multilayer board 9 of the magnetic 
sensor device according to the First Embodiment. 
On the surface of the metal carrier 191 are provided the 

monolayer board 20 and the AMR element 10. The mono 
layer board 20 includes the hole 20a. The AMR element 10 is 
bonded with adhesive to the surface of the metal carrier 191, 
exposed to the hole 20a, and is surrounded by the monolayer 
board 20. Like in FIG. 4, the electrodes 101a to 101c of the 
AMR element 10 are connected via metal tabs 21 to the 
electrodes 111a to 111c provided on the surface of the mono 
layer board 20, respectively. The electrodes 111a to 111c are 
connected via the transmission line 11 to the connection pads 
112a to 112c provided on the back surface of the monolayer 
board 20. The connection pad 112a is connected to the DC 
power Supply Voltage Vcc, the connection pad 112b is con 
nected to the processing circuit 15, and the connection pad 
112c is DC grounded. 

In the magnetic sensor device according to the Tenth 
Embodiment, the same effects as those of the magnetic sensor 
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device according to the First Embodiment are obtained. Fur 
ther, since the electrodes 101a to 101c of the AMR element 10 
and the electrodes 111a to 111c provided on the surface of the 
monolayer board 20 are connected via the metal tabs 21, the 
space between the AMR element 10 and the electric shield 31 
is smaller, reducing the distance between the AMR element 
10 and the object to be detected 5, which increases output 
from the AMR element 10 and, thereby, improving the detec 
tion sensitivity. 

Eleventh Embodiment 

FIG. 31 is a cross-sectional view along the conveying 
direction of a magnetic sensor device according to Eleventh 
Embodiment of the present invention. FIG. 32 is an enlarged 
view illustrating a state in which a monolayer board and an 
AMR element are mounted in the magnetic sensor device 
according to the Eleventh Embodiment. In FIGS. 31 and 32. 
the same components as those in FIGS. 1 and 3 have the same 
reference signs. The magnetic sensor device according to the 
Eleventh Embodiment includes the monolayer board 20, 
instead of the multilayer board 9 of the magnetic sensor 
device according to the First Embodiment. The magnetic 
sensor device according to the Eleventh Embodiment does 
not include the metal carrier 191. 
The AMR element 10 is bonded with adhesive to the Sur 

face of the monolayer board 20. Like in FIG.4, the electrodes 
101a to 101C of the AMR element 10 are connected via the 
metal wires 12 to the electrodes 111a to 111c provided on the 
monolayer board 20, respectively. The electrodes 111a to 
111c are connected via the transmission line 11 to the con 
nection pads 112a to 112c provided on the back surface of the 
monolayer board 20. The connection pad 112a is connected 
to the DC power supply voltage Vcc, the connection pad 112b 
is connected to the processing circuit 15, and the connection 
pad 112c is DC grounded. The AMR element 10 and the metal 
wires 12 are sealed and protected by the resin 13. 

In the magnetic sensor device according to the Eleventh 
Embodiment, the same effects as those of the magnetic sensor 
device according to the First Embodiment are obtained. Since 
the metal carrier 191 is not provided, the structure of the 
magnetic sensor device is simplified. 

Twelfth Embodiment 

FIG. 33 is a cross-sectional view along the conveying 
direction of a magnetic sensor device according to Twelfth 
Embodiment of the present invention. In the magnetic sensor 
device according to the Twelfth Embodiment, orientations of 
the first magnet 6 and the second magnet 7 of the magnetic 
sensor device according to the Eleventh Embodiment are 
changed so that either one of the poles of the first magnet 6 
faces an opposite pole of the second magnet 7. Then, the 
AMR element 10 is provided on the surface of the second 
magnet 7, and is surrounded by the monolayer board 20. FIG. 
34 is an enlarged view illustrating a state in which a mono 
layer board and an AMR element are mounted in the magnetic 
sensor device according to the Twelfth Embodiment. In 
FIGS. 33 and 34, the same components as those in FIGS. 31 
and 32 have the same reference signs. 
The monolayerboard 20 is secured to the second magnet 7. 

and has the hole 20a. The AMR element 10 is bonded with 
adhesive to the surface of the second magnet 7, exposed to the 
hole 20a, and is surrounded by the monolayer board 20. Like 
in FIG.4, the electrodes 101a to 101c of the AMR element 10 
are connected via the metal wires 12 to the electrodes 111a to 
111c provided on the surface of the monolayer board 20, 
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respectively. The electrodes 111a to 111c are connected via 
the transmission line 11 to the connection pads 112a to 112c 
provided on the back surface of the monolayer board 20. The 
connection pad 112a is connected to the DC power Supply 
voltage Vcc, the connection pad 112b is connected to the 
processing circuit 15, and the connection pad 112c is DC 
grounded. The AMR element 10 and the metal wires 12 are 
sealed and protected by the resin 13. 

Since different poles of the first magnet 6 and the second 
magnet 7 face each other, a magnetic field in the conveying 
direction is applied on the object to be detected 5 and the 
AMR element 10, like in FIG. 23, thereby obtaining the same 
effects as those of the magnetic sensor device according to the 
Sixth Embodiment. 

Thirteenth Embodiment 

FIG. 35 is a cross-sectional view along the conveying 
direction of a magnetic sensor device according to Thirteenth 
Embodiment of the present invention. In FIG. 35, instead of 
the metal wires 12 of the magnetic sensor device according to 
the Twelfth Embodiment, the metal tabs 21 connect the elec 
trodes 101a to 101C of the AMR element 10 to the electrodes 
111a to 111c provided on the surface of the monolayer board 
20. FIG. 36 is an enlarged view illustrating a state in which a 
monolayer board and an AMR element are mounted in the 
magnetic sensor device according to the Thirteenth Embodi 
ment. In FIGS. 35 and 36, the same components as those in 
FIGS. 33 and 34 have the same reference signs. 
The monolayer board 20 is secured to the second magnet 7. 

and has the hole 20a. The AMR element 10 is bonded with 
adhesive to the surface of the second magnet 7, exposed to the 
hole 20a, and is surrounded by the monolayer board 20. Like 
in FIG.4, the electrodes 101 a to 101c of the AMR element 10 
are connected via the metal tabs 21 to the electrodes 111a to 
111c provided on the surface of the monolayer board 20, 
respectively. The electrodes 111a to 111c are connected via 
the transmission line 11 to the connection pads 112a to 112c 
provided on the back surface of the monolayer board 20. The 
connection pad 112a is connected to the DC power Supply 
voltage Vcc, the connection pad 112b is connected to the 
processing circuit 15, and the connection pad 112c is DC 
grounded. 

Since different poles of the first magnet 6 and the second 
magnet 7 face each other, a magnetic field in the conveying 
direction is applied on the object to be detected 5 and the 
AMR element 10, like in FIG. 23, thereby obtaining the same 
effects as those of the magnetic sensor device according to the 
Sixth Embodiment. Further, the electrodes 101a to 101c of 
the AMR element 10 and the electrodes 111a to 111c pro 
vided on the surface of the monolayer board 20 are connected 
via the metal tabs 21. Therefore, space between the AMR 
element 10 and the electric shield 31 is smaller, reducing the 
distance between the AMR element 10 and the object to be 
detected 5, which increases output from the AMR element 10 
and, thereby improving detection sensitivity. 
The above embodiments can be modified within the prin 

ciple of the present invention. The above embodiments are for 
describing the present invention, and are not intended to limit 
the scope of the present invention. The scope of the present 
invention is defined by claims, not by the above embodi 
ments. Various modifications made within claims and equiva 
lents to claims are included in the scope of the present inven 
tion. 

This application claims priority based on Japanese Patent 
Application No. 2011-109628 filed on May 16, 2011, that 
includes the specification, claims, drawings and abstract, and 
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Japanese Patent Application No. 2012-077356 filed on Mar. 
29, 2012, that includes the specification, claims, drawings 
and abstract. The disclosure of both is incorporated herein by 
reference. 

INDUSTRIAL APPLICABILITY 

The present invention can be preferably applied to a mag 
netic sensor device that detects the magnetic pattern of an 
object to be detected in the case where the object to be 
detected having the magnetic pattern and a magnetoresis 
tance effect element are not in contact with each other, that is, 
apart from each other by a predetermined distance. 

REFERENCE SIGNS LIST 

. Housing 

. Conveyance path 
First slit 
Second slit 

. Object to be detected 

. First magnet 

. Second magnet 

. Magnet 

. Multilayer board 
9a. Hole 
10. AMR element 
11. Transmission line 
12. Metal wire 
13. Resin 
15. Processing circuit 
17. Magnetic field line 
20. Monolayer board 
20a Hole 
21 Metal tab 
31 Electric Shield 
71 Cable 
80 Magnetic body 
81 Yoke for first magnet 
82Yoke for second magnet 
83 Yoke for magnet 
91 First layer board 
91a Hole of first layer board 
92 Second layer board 
92a Hole of second layer board 
101a, 101b, 101c Electrode 
102a, 102b Resistor 
111a, 111b, 111c Electrode 
112a, 112b, 112c Contact pad 
191 Metal carrier 
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The invention claimed is: 
1. A magnetic sensor device comprising: 
a conveyance path for conveying an object to be detected 

having a magnetic pattern; 
a magnet having poles each facing the conveyance path; 
first magnetic bodies each in contact with each of side 

Surfaces orthogonal to the conveying direction of the 
object to be detected, of side surfaces of the magnet; 

at least one second magnetic body located on a side oppo 
site to the first magnetic bodies with respect to the con 
Veyance path; 

a magnetoresistance effect element located between the 
second magnetic body and the conveyance path in a 
cross magnetic field that has magnetic field strength 
within a predetermined range in a spacing direction and 
that is generated by the first magnetic bodies and the 
second magnetic body, the magnetoresistance effect ele 
ment to detect, as change in the resistance value, change 
in a component in the conveying direction in the cross 
magnetic field, the change being caused by the magnetic 
pattern of the object to be detected, the spacing direction 
being a direction orthogonal to the conveying direction 
in the conveyance path and being a direction that verti 
cally passes through the magnetic pattern; and 

an outputter connected to the magnetoresistance effect ele 
ment, the outputter to output the change in the resistance 
value detected by the magnetoresistance effect element. 

2. The magnetic sensor device according to claim 1, further 
comprising: 

a second magnet, wherein 
the magnet is a first magnet, 
the first magnet and the second magnet are located on 

mutually opposing sides of the conveyance path, and 
each pole of the first magnet faces each opposite pole of 
the second magnet; 

the first magnetic bodies are paired yokes for the first 
magnet, each yoke being in contact with each of side 
Surfaces orthogonal to the conveying direction, of side 
Surfaces of the first magnet, and 

the at least one second magnetic body are paired yokes for 
the second magnet, each yoke being in contact with each 
of side Surfaces orthogonal to the conveying direction, of 
side Surfaces of the second magnet. 

3. The magnetic sensor device according to claim 1, 
wherein 

the poles of the magnet each face the second magnetic 
body, and 

the first magnetic bodies are paired yokes for the magnet, 
each yoke being in contact with each of side surfaces 
orthogonal to the conveying direction, of side Surfaces of 
the magnet. 


